South America's extinct notoungulates evolved a masticatory system with no living analogue. 
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Fig. S1. Landmark shift (lines) relative to the mean shape (circles)
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Fig. S2. Principal component analysis of mandibular shape variation in notoungulates and extant herbivores, with allometric effect. Morphospace showing estimated warped mandible meshes at PC extremes (PC2 and PC3). 

The third principal component (PC3: 8.23%) shows negative scores associated with an inwardly curved posterior ramus margin and posteriorly positioned condyle relative to the gonial angle, producing an obtuse corpus–ramus angle. Positive scores indicate a retroverted acute gonial angle and depressed ramus closer to the tooth level. Notoungulata clusters near zero, reflecting a nearly right-angled corpus–ramus relationship. Within the group, mesotheriids tend towards negative scores, whereas Palyeidodon obtusum and Protypotherium australis occupy the positive region, reflecting slightly more obtuse and acute mandibular angles, respectively. 
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Fig. S3. Multivariate regression between Log centroid size and Procrustes coordinates.
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Fig. S4. Principal component analysis, based on residuals of the regression shown in Figure S3. Morphospace showing  estimated warped skull meshes at PC extremes (PC1 and PC2).
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Fig. S5. Spearman correlation matrix among: Curvature Condylar Index (CCI); Condylar Index (CI), Glenoid Cavity Index (GCI), and Biomechanical Advantage to masseter (m) and temporalis (t) at BP1, BP2, BP3, BP4.
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Fig. S6.  Box plot of the Glenoid Cavity Index (GCI). Notoungulates (red) appear with low values along with most mammals, except for Rodentia and Macropodidae.
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Fig. S7. Box plot of the Condyle Index (CI). Notoungulates (red) show low values along with most mammals, with the clear exception of Rodentia and Macropodidae.
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Fig. S8. Box plot of the Condylar Curvature Index (CCI). Notoungulates (red) show intermediate values (between 1.12 and 1.38, Mesotherium cristatum and Pachyrukhos moyani respectively). Artiodactyla and Perissodactyla exhibit lower values (flattened condyles) with exception of Suidae and Tapiridae with similar values to notoungulates. Rodentia and Wombatidae have the higher values (rounded condyle).
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Fig. S9. A. Necromys lasiurus ©️ 2013 by Thamila Barcellos; B. Ratufa bicolor (Image from an occurrence record in Global Biodiversity Information Facility (occurrence 1320808021), public domain (CC0) Creator: Renee regan) C. Lepus capensis (Photo by Rebecca A. Banasiak (c) Field Museum of Natural History - CC BY-NC 4.0. https://collections-zoology.fieldmuseum.org/catalogue/2516559 Photo Archives: FMNH 17333); D. Capra hircus (Photo by Phil Myers, University of Michigan Museum of Zoology 122735, https://animaldiversity.org/collections/contributors/phil_myers/ADW_mammals/specimens/Artiodactyla/Bovidae/Capra_hircus2/lower_dorsal/); E. Tapirus kabomani (adapted from Cozzuol et al., 2013, with permission from Mario Alberto Cozzuol); F. Caraguatypotherium munozi  (Colección Paleontología Universidad Austral. Creator (JIAD); G. Petrogale brachiotys (Photo by Phil Myers, University of Michigan Museum of Zoology, https://animaldiversity.org/collections/contributors/anatomical_images/family_pages/diprotodontia/macropodids/ 
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Fig. S10 a) Landmark and semilandmark configuration; b) Condyle and glenoid cavity measurements: Condyle Curvature Index: a1/a2; Condyle Index: b1/b2; Glenoid Cavity Index: c1/c2; c) Mandibular lever model: Pivot of the lever (triangle). Resistance moment arm (cyan). Muscle moment arm (Temporalis (red) and Masseter (green) dotted lines); d) FEA model: Masseter muscle beam (green line), and Temporalis muscle beam (pink line). PMB: Posterior mandibular body, AMB: Anterior mandibular body. The element size in this scheme is not the size used in the analysis.
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Fig. S11 Mesh Convergence Analysis. Species compare: Aepyceros melampus; Hydropotes inermis; Sus scrofa; Adinotherium ovinum
Table S1. Mandibular samples used in the analysis. Images of skulls were obtained from published sources when available, or photographed directly in the Instituto Ciencias de la Tierra, Universidad Austral de Chile.

	ORDER 
	FAMILY
	GENUS
	SPECIE
	ABBR.
	SOURCE

	Perissodactyla 
	Equidae 
	Equus 
	ferus 
	Equfer
	Science earth institute, GEO-UACHP-CR 012

	Perissodactyla 
	Rhinocerotidae
	Ceratotherium 
	simum
	Cersim
	https://www.fieldmuseum.org/ FMNH 125413 by Rebecca A. Banasiak (c)

	Perissodactyla 
	Tapiridae
	Tapirus 
	kabomani 
	Tapkab
	Cozzuol et al., 2013 

	Perissodactyla 
	Tapiridae
	Tapirus 
	terrestris 
	Tapter
	Rojas et al., 2021 

	Perissodactyla 
	Tapiridae
	Tapirus 
	pinchaque
	Tappin
	Alzate et al., 2010

	Artiodactyla 
	Cervidae 
	Pudu 
	puda
	Pudpud
	Science earth institute, GEO-UACHP-CR 015

	Artiodactyla 
	Cervidae 
	Capreolus
	capreolus 
	Capcap
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Artiodactyla 
	Cervidae 
	Muntiacus
	rooseveltorum
	Munroo
	https://www.fieldmuseum.org/ FMNH 31783  Photo by Rebecca A. Banasiak (c)

	Artiodactyla 
	Cervidae 
	Dama
	dama
	Damdam
	https://skullbase.info/index.php by Ádám Pereszlényi (c) 

	Artiodactyla 
	Cervidae 
	Hydropotes 
	inermis 
	Hydine
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Artiodactyla 
	Cervidae 
	Cervus
	elaphus
	Cerela
	https://skullbase.info/index.php by Ádám Pereszlényi (c) 

	Artiodactyla 
	Bovidae 
	Bos 
	taurus 
	Bostau
	Science earth institute, GEO-UACHP-CR 011

	Artiodactyla 
	Bovidae 
	Madoqua 
	kirkii
	Madkir
	https://animaldiversity.org/ Michigan museum 38377 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Aepyceros 
	melampus 
	Aepmel
	https://animaldiversity.org/ Michigan museum  124571 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Alcelaphus 
	buselaphus 
	Alcbus
	https://animaldiversity.org/ Michigan museum  by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Amnotragus 
	lervia 
	Amnler
	https://animaldiversity.org/ Michigan museum 97068 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Bison 
	bison
	Bisbis
	https://animaldiversity.org/ Michigan museum 157141 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Boselaphus
	tragocamelus
	Bostra
	https://animaldiversity.org/ Michigan museum 167639 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Capra 
	hircus 
	Caphir
	https://animaldiversity.org/ Michigan museum 122735 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	dorsalis
	Cepdor
	https://animaldiversity.org/ Michigan museum 34345 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	leucogaster
	Cepleu
	https://animaldiversity.org/ Michigan museum 34348 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	zebra 
	Cepzeb
	https://animaldiversity.org/ Michigan museum 176798 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	nigrifons 
	Cepnig
	https://animaldiversity.org/ Michigan museum 15248 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	silvicultor 
	Cepsil
	https://animaldiversity.org/ Michigan museum 34523 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	callipygus
	Cepcal
	https://animaldiversity.org/ Michigan museum 34350 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Cephalophus
	natalensis
	Cepnat
	https://www.fieldmuseum.org/ FMNH 26916  Photo by Rebecca A. Banasiak (c)

	Artiodactyla 
	Bovidae
	Damaliscus 
	pygargus 
	Dampyr
	https://animaldiversity.org/ Michigan museum 170521 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Gazella
	dorcas
	Gazdor
	https://animaldiversity.org/ Michigan museum 161037 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Gazella
	gazella 
	Gazgaz
	https://animaldiversity.org/ Michigan museum 4596 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Gazella
	leptoceros
	Gazlep
	https://animaldiversity.org/ Michigan museum 170490 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Gazella
	subgutturosa
	Gazsub
	https://animaldiversity.org/ Michigan museum 170470 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Kobus 
	kob
	Kobkob
	https://animaldiversity.org/ Michigan museum 2721 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Nanger 
	dama
	Nandam
	https://animaldiversity.org/ Michigan museum by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Nanger 
	granti 
	Nangra
	https://animaldiversity.org/ Michigan museum 163805 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Oreamnos 
	americanus
	Oreame
	https://animaldiversity.org/ Michigan museum 60546 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Ovibos
	moschatus 
	Ovimos
	https://animaldiversity.org/ Michigan museum 112377 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Ovis 
	aries 
	Oviari
	https://animaldiversity.org/ Michigan museum 81437 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Ovis 
	orientalis 
	Oviori
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Artiodactyla 
	Bovidae
	Ovis 
	canadensis 
	Ovican
	https://animaldiversity.org/ Michigan museum 102446 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Philatomba 
	monticola
	Phymon
	https://animaldiversity.org/ Michigan museum 34339 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Oryx
	dammah
	Orydam
	https://animaldiversity.org/ Michigan museum 170468 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Oryx
	beiza
	Orybei
	https://animaldiversity.org/ Michigan museum 124570 by Phil Myers (c)

	Artiodactyla 
	Bovidae
	Oryx
	gazella 
	Orygaz
	https://animaldiversity.org/ Michigan museum 168361 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Redunca
	arundium
	Redaru
	https://animaldiversity.org/ Michigan museum 3969 by Phil Myers (c)

	Artiodactyla 
	Bovidae 
	Tragelaphus
	strepsiceros
	Trestr
	https://animaldiversity.org/ Michigan museum 167403 by Phil Myers (c)

	Artiodactyla 
	Camelidae 
	Lama
	glama
	Lamgla
	Science earth institute, GEO-UACHP-CR 028

	Artiodactyla 
	Suidae 
	Sus 
	scrofa 
	Susscr
	http://www.boneid.net/ by Charlotte Website Design Company (c)

	Artiodactyla 
	Suidae 
	Tayassu 
	pecarí 
	Taypec
	From Rassinger and Cammerer, Museum Wiesbaden, Wikimedia commons

	Artiodactyla 
	Suidae 
	Phacochoerus
	aethiopicus
	Phaaet
	https://www.fieldmuseum.org/ FMNH 127873  Photo by Rebecca A. Banasiak (c)

	Artiodactyla 
	Suidae 
	Babyrousa 
	babyrussa
	Babbab
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Artiodactyla 
	Suidae 
	Potamochoerus
	porcus
	Potpor
	https://www.fieldmuseum.org/ FMNH 98099 Photo by Rebecca A. Banasiak (c)

	Artiodactyla 
	Tragulidae 
	Tragulus 
	javanicus
	Trajav
	Guzmán et al., 2018

	Artiodactyla 
	Girafidae
	Giraffa 
	camelopardalis
	Gircam
	https://www.fieldmuseum.org/ FMNH 34429  Photo by Rebecca A. Banasiak (c)

	Lagomorpha 
	Leporidae 
	Lepus 
	americanus
	Lepeur
	https://skullbase.info/index.php by Ádám Pereszlényi (c) 

	Lagomorpha 
	Leporidae 
	Ortyctolagus 
	cuniculus 
	Ortcun
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Diprotodontia 
	Vombatidae
	Lasiorhinus 
	sp 
	Lasssp
	https://www.digimorph.org/index.phtml by Alana Sharp (c)

	Diprotodontia 
	Pseudocheiridae
	Pseudocheirus 
	peregrinus 
	Pseper
	https://collections.museumsvictoria.com.au/ 120054 by Rawlinson, Accurso, Walker.

	Diprotodontia 
	Phalangeridae
	Trichosurus 
	vulpecula
	Trivul
	https://animaldiversity.org/ Michigan museum 81120 by Phil Myers (c)

	Diprotodontia 
	Vombatidae
	Vombatus 
	ursinus
	Vomurs
	https://collections.museumsvictoria.com.au/ 122859 by Rawlinson, Accurso, Walker.

	Diprotodontia 
	Potoroidae
	Bettongia
	gaimardi
	Betgai
	https://collections.museumsvictoria.com.au/ 118836 by Rawlinson, Accurso, Walker.

	Diprotodontia 
	Macropodidae
	Thylogale
	billardierii
	Thybil
	https://collections.museumsvictoria.com.au/ 118175 by Rawlinson, Accurso, Walker.

	Diprotodontia 
	Macropodidae
	Wallabia 
	bicolor 
	Walbic
	https://collections.museumsvictoria.com.au/ 23021 by Rawlinson, Accurso, Walker.

	Diprotodontia 
	Macropodidae
	Petrogale
	brachyotis 
	Petbra
	https://animaldiversity.org/ Michigan museum by Phil Myers (c)

	Sciuromorpha
	Castoridae
	Castor 
	fiber
	Casfib
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Sciuromorpha
	Castoridae
	Castor 
	canadensis 
	Cascan
	Science earth institute, GEO-UACHP- CR 029

	Sciuromorpha
	Sciuridae
	Cynomys
	ludovicianus 
	Cynlud
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Sciuromorpha
	Sciuridae
	Ratufa 
	bicolor 
	Ratbic
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Sciuromorpha
	Sciuridae
	Microscirus 
	mimulus 
	Micmim
	https://www.fieldmuseum.org/ FMNH 44855  Photo by Rebecca A. Banasiak (c)

	Sciuromorpha
	Sciuridae
	Spermophilus
	citellus
	Specit
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Sciuromorpha
	Sciuridae
	Biswamoyopterus
	laoensis
	Bislao
	Sanamxay et al., 2013

	Sciuromorpha
	Sciuridae
	Sciurus 
	carolinensis
	Scicar
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Sciuromorpha
	Sciuridae
	Sciurus 
	vulgaris
	Scivul
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Sciuromorpha
	Gliridae
	Glis
	glis
	Gligli
	Čanády et al., 2016

	Sciuromorpha
	Sciuridae
	Guerlinguetus
	ingrami
	Gueing
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 17 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Akodon 
	cursor
	Akocur
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 17 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Akodon 
	lindberghi
	Akolin
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1030 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Akodon 
	serrensis
	Akoser
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1040 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Blarinomys 
	breviceps 
	Blabre
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 2193 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Calomys 
	laucha
	Callau
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1620 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Cerradomys 
	vivoi
	Cerviv
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 966 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Delomys 
	sublineatus
	Delsub
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1227 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Euryoryzomys 
	russatus
	Eurrus
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 948 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Juliomys 
	pictipes
	Julpic
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 557 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Necromys 
	lasiurus
	Neclas
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 259 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Nectomys 
	squamipes
	Necsqu
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 270 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Oligoryzomys 
	flavescens
	Olifla
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1176 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Oligoryzomys 
	nigripes
	Olinig
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1181 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Thaptomys
	nigrita
	Thanig
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 905 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Oxymycterus
	caparoae
	Oxycap
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1744 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Oxymycterus
	dasytrichus
	Oxydas
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 281 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Rhipidomys 
	mastacalis
	Rhymas
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1475 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Holochilus
	brasiliensis
	Holbra
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 2202 by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Holochilus
	sciureus 
	Holsci
	https://animaldiversity.org/ Michigan museum by Phil Myers (c)

	Myomorpha
	Cricetidae 
	Oecomys 
	catherinae
	Oeccat
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 902  by Thamila Barcellos (c)

	Myomorpha
	Cricetidae 
	Oecomys 
	mamorae 
	Oecmam
	https://animaldiversity.org/ Michigan museum 133793 by Phil Myers (c)

	Myomorpha
	Cricetidae 
	Cricetus 
	cricetus 
	Cricri
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Myomorpha
	Cricetidae 
	Arvícola
	amphibious
	Arvamp
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Myomorpha
	Cricetidae 
	Ondatra
	zibethicus
	Ondzib
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Myomorpha
	Muridae
	Mus
	musculus
	Musmus
	https://www.fieldmuseum.org/ FMNH 168098 Photo by Rebecca A. Banasiak (c)

	Myomorpha
	Muridae
	Rattus
	novergicus
	Ratnov
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Myomorpha
	Muridae
	Rattus
	rattus
	Ratrat
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Myomorpha
	Muridae
	Apodemus 
	sylvaticus
	Aposyl
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Hystricomorpha
	Hystricidae
	Hystrix 
	indica
	Hysind
	https://animaldiversity.org/ Michigan museum  122384 by Phil Myers (c)

	Hystricomorpha
	Bathyergidae
	Heterocephalus 
	glaber
	Hetgla
	https://www.fieldmuseum.org/ FMNH 151598 Photo by Rebecca A. Banasiak (c) 

	Hystricomorpha
	Caviidae
	Hydrochoerus 
	hydrochaeris
	Hydhyd
	From Rassinger and Cammerer, Museum Wiesbaden, Wikimedia commons

	Hystricomorpha
	Caviidae
	Cavia 
	aperea 
	Cavape
	Cherem et al., 2012

	Hystricomorpha
	Caviidae
	Cavia 
	fulgida
	Cavful
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 283 by Thamila Barcellos (c)

	Hystricomorpha
	Erethizontidae
	Condeou 
	speratus 
	Conspe
	Pontes et al., 2013

	Hystricomorpha
	Erethizontidae
	Condeou 
	longicaudatus
	Conlon
	Pontes et al., 2013

	Hystricomorpha
	Erethizontidae
	Condeou 
	prehensilis
	Conpre
	Pontes et al., 2013

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	andersoni
	Cteand
	Gardner et al., 2014 

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	yatesi
	Cteyat
	Gardner et al., 2014 

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	lesai
	Cteles
	Gardner et al., 2014 

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	erikacuellarae
	Cteeri
	Gardner et al., 2014 

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	pulser 
	Ctepul
	Versi et al., 2023

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	bidaui 
	Ctebid
	Versi et al., 2023

	Hystricomorpha
	Ctenomidae
	Ctenomys 
	talarum 
	Ctetal
	Versi et al., 2023

	Hystricomorpha
	Dasyproctidae
	Dasyprocta
	prymnolopha
	Daspry
	Silva et al., 2013

	Hystricomorpha
	Echimyidae
	Trinomys 
	gratiosus
	Trigra
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1817 by Thamila Barcellos (c)

	Hystricomorpha
	Echimyidae
	Trinomys 
	paratus 
	Triper
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 684 by Thamila Barcellos (c)

	Hystricomorpha
	Echimyidae
	Trinomys 
	setosus
	Triset
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 2043 by Thamila Barcellos (c)

	Hystricomorpha
	Echimyidae
	Phyllomys
	pattomi 
	Phypat
	https://lamab-ufes.wixsite.com/mamiferosdoes/  UFES 1620 by Thamila Barcellos (c)

	Hystricomorpha
	Procavidae
	Heterohyrax 
	brucei 
	Hetbru
	https://www.fieldmuseum.org/ FMNH 83998 Photo by Rebecca A. Banasiak (c) 

	Hystricomorpha
	Chinchillidae
	Chinchilla 
	chinchilla
	Chichi
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Hystricomorpha
	Thryonomyidae
	Thryonomys
	swinderianus
	Thrwswi
	https://www.fieldmuseum.org/ FMNH 41338 Photo by Rebecca A. Banasiak (c) 

	Hystricomorpha
	Myocastoridae
	Myocastor
	coipus
	Myocoi
	https://skullbase.info/index.php by Ádám Pereszlényi (c)

	Hystricomorpha
	Bathyergidae
	Fukomys 
	livingstoni
	Fukliv
	Faulkes et al., 2017

	Hystricomorpha
	Bathyergidae
	Fukomys 
	hanangensis
	Fukhan
	Faulkes et al., 2017

	Notoungulata 
	Mesotheriidae
	Plesiotypotheirum 
	achirensi 
	Pleach
	MNHN.F.ACH 26

	Notoungulata 
	Mesotheriidae
	Mesotherium 
	cristatum 
	Mescri
	MNHN.F.PAM 2

	Notoungulata 
	Mesotheriidae
	Pseudotypotherium 
	exiguum
	Pseexi
	MACN PV 7962

	Notoungulata 
	Mesotheriidae
	Caraguatypotherium 
	munozi
	Carmun
	Huay-16-100 science earth institute, GEO-UACH 

	Notoungulata 
	Hegetotheriidae
	Pachyrukhos 
	moyani
	Pacmoy
	Sinclair 1909

	Notoungulata 
	Hegetotheriidae
	Hegetotherium
	mirabile 
	Hegmir
	Sinclair 1909

	Notoungulata 
	Interatheriidae
	Protypotherium
	australe 
	Proaus
	Sinclair 1909

	Notoungulata 
	Interatheriidae
	Interatherium 
	robustus 
	Introb
	YPMPU 15401

	Notoungulata 
	Interatheriidae
	Micochilius
	anomopodus
	Micano
	Stirton, 1953

	Notoungulata 
	Toxodontidae 
	Nesodon 
	imbricatus 
	Nesimb
	Sinclair 1909

	Notoungulata 
	Toxodontidae 
	Adinotherium 
	ovinum
	Adiovi
	Sinclair 1909

	Notoungulata 
	Toxodontidae
	Palyeidodon 
	obtusum
	Palobt
	MNHN SGO.PV. 1150




Table S2. Landmarks and semilandmarks (Semi-LMK) description.

	LM
	Description
	SLM
	Description

	1
	Highest point of mandibular condyle
	2
	Mid-point between landmark 1 and 3.

	3
	Base of coronoid process
	4-5
	Posterior curvature of coronoide process between landmarks 3 and 6

	6
	Highest point of coronoid process
	7-8
	Curvature between landmark 6 and 9

	9
	Most posterior tip of the last molar 
	16
	Perpendicular point relative to landmark 10

	11
	Anterior most tip of the first tooth after the diastema 
	18-19
	Ventral curvature of mandibular angle or gonion. Between land mark 17 and 20

	12
	Dorsal most posterior base of incisive teeth
	21-22-23-24
	Posterior curvature between landmark 20 and 1.

	13
	Tip of incisive
	
	

	14
	Ventral most posterior base of incisive teeth
	
	

	15
	Perpendicular point relative to landmark 9
	
	

	17
	Perpendicular point relative to landmark 11
	
	

	20
	Posterior part of mandibular angle or gonion.
	
	





Table S3. Raw data: Measurement of TMJ indices, Mechanical advantage, FEA values; Range = maximum and minimum von misses stress in MPa

	   ABBR.
	CCI
	CI
	GCI
	MBP1
	MBP2
	MBP3
	MBP4
	TBP1
	TBP2
	TBP3
	TBP4
	BP1 MPa RANGE
	BP1  MPa MEAN 
	N° Elem.
AMB
	BP4 MPa RANGE
	BP4  MPa MEAN
	N° Elem.
PMB

	Equfer
	1.11
	0.24
	0.22
	0.78
	0.52
	0.39
	0.27
	0.16
	0.11
	0.08
	0.06
	0.08–2.86
	1.36
	654
	0–0.33
	0.09
	2160

	Cersim
	1.11
	0.17
	0.22
	0.72
	0.49
	0.37
	0.34
	0.28
	0.19
	0.15
	0.13
	0.10–4.28
	1.51
	654
	0.01–0.39
	0.13
	1619

	Tapkab
	1.29
	0.20
	0.18
	0.70
	0.53
	0.42
	0.30
	0.26
	0.20
	0.16
	0.11
	0.07–2.66
	1.20
	533
	0.01–0.49
	0.15
	1561

	Tapter
	1.30
	0.20
	0.18
	0.68
	0.50
	0.38
	0.26
	0.36
	0.26
	0.20
	0.14
	0.26–3.68
	1.43
	454
	0.01–0.44
	0.14
	884

	Tappin
	1.26
	0.22
	0.20
	0.72
	0.50
	0.38
	0.27
	0.36
	0.25
	0.19
	0.14
	0.11–5.52
	1.33
	545
	0.01–0.64
	0.19
	1053

	Pudpud
	1.03
	0.39
	0.41
	0.67
	0.40
	0.30
	0.21
	0.37
	0.22
	0.16
	0.11
	0.12–0.48
	1.77
	499
	0.01–0.69
	0.19
	1320

	Capcap
	1.08
	0.38
	0.42
	0.68
	0.44
	0.33
	0.22
	0.32
	0.21
	0.16
	0.11
	0.29–6.85
	2.40
	637
	0.01–0.89
	0.24
	1680

	Munroo
	1.05
	0.43
	0.47
	0.84
	0.48
	0.34
	0.22
	0.41
	0.23
	0.16
	0.11
	0.25–6.46
	2.18
	560
	0.01–0.62
	0.19
	1548

	Damdam
	1.01
	0.37
	0.49
	0.80
	0.47
	0.34
	0.23
	0.30
	0.18
	0.13
	0.09
	0.12–7.89
	2.71
	631
	0.01–0.93
	0.29
	1701

	Hydine
	1.02
	0.40
	0.49
	0.74
	0.47
	0.34
	0.21
	0.40
	0.25
	0.19
	0.11
	0.09–6.35
	2.06
	1008
	0.01–0.86
	0.26
	1548

	Cerela
	1.09
	0.44
	0.49
	0.61
	0.44
	0.35
	0.22
	0.26
	0.19
	0.15
	0.09
	0.26–13.08
	3.06
	844
	0.01–0.70
	0.25
	1368

	Bostau
	1.05
	0.38
	0.46
	0.67
	0.51
	0.41
	0.27
	0.26
	0.19
	0.16
	0.10
	0.13–5.12
	1.87
	928
	0.01–0.45
	0.15
	1868

	Madkir
	1.09
	0.46
	0.48
	0.82
	0.48
	0.34
	0.25
	0.28
	0.16
	0.12
	0.09
	0.07–5.41
	1.96
	488
	0.01–0.78
	0.24
	1089

	Aepmel
	0.99
	0.46
	0.50
	0.85
	0.51
	0.36
	0.23
	0.41
	0.25
	0.18
	0.11
	0.22–8.86
	3.06
	551
	0.01–0.66
	0.18
	2019

	Alcbus
	1.06
	0.40
	0.50
	0.55
	0.41
	0.33
	0.21
	0.19
	0.14
	0.11
	0.07
	0.18–8.02
	2.60
	1010
	0.01–0.58
	0.19
	1997

	Amnler
	1.01
	0.35
	0.40
	0.70
	0.49
	0.37
	0.24
	0.27
	0.19
	0.14
	0.09
	0.71–8.23
	2.99
	1072
	0.01–0.44
	0.13
	3204

	Bosbis
	1.08
	0.55
	0.58
	0.68
	0.50
	0.39
	0.27
	0.17
	0.13
	0.10
	0.07
	0.62–8.15
	2.73
	970
	0.01–0.47
	0.15
	4108

	Bostra
	1.07
	0.36
	0.47
	0.55
	0.42
	0.34
	0.22
	0.23
	0.17
	0.14
	0.09
	0.34–12.90
	2.83
	813
	0.01–0.45
	0.17
	1749

	Caphir
	1.09
	0.39
	0.48
	0.81
	0.50
	0.35
	0.24
	0.32
	0.20
	0.14
	0.10
	0.96–6.89
	2.45
	1072
	0.01–0.42
	0.14
	3480

	Cepdor
	1.08
	0.35
	0.53
	0.73
	0.43
	0.31
	0.21
	0.27
	0.16
	0.12
	0.08
	0.33–13.94
	2.84
	637
	0.01–0.53
	0.15
	2122

	Cepleu
	1.08
	0.40
	0.57
	0.73
	0.46
	0.33
	0.21
	0.33
	0.20
	0.15
	0.09
	0.17–9.48
	2.67
	637
	0.01–0.48
	0.14
	1930

	Cepzeb
	1.05
	0.38
	0.54
	0.69
	0.45
	0.32
	0.23
	0.37
	0.24
	0.17
	0.12
	0.62–5.55
	2.84
	1072
	0.01–0.47
	0.16
	4063

	Cepnig
	1.05
	0.40
	0.53
	0.74
	0.43
	0.31
	0.21
	0.38
	0.22
	0.16
	0.11
	0.25–21.37
	4.16
	907
	0.01–0.69
	0.19
	2348

	Cepsil
	1.06
	0.32
	0.57
	0.76
	0.46
	0.34
	0.22
	0.30
	0.18
	0.13
	0.09
	0.12–8.03
	2.74
	1032
	0.01–0.51
	0.15
	3395

	Cepcal
	1.01
	0.42
	0.56
	0.73
	0.43
	0.31
	0.19
	0.46
	0.27
	0.19
	0.12
	0.17–16.21
	3.10
	907
	0.01–0.65
	0.19
	2396

	Cepnat
	1.02
	0.36
	0.62
	0.76
	0.46
	0.33
	0.21
	0.36
	0.22
	0.16
	0.10
	0.30–14.22
	4.04
	535
	0.01–0.58
	0.14
	1620

	Dampyr
	1.01
	0.41
	0.52
	0.65
	0.45
	0.34
	0.23
	0.34
	0.23
	0.18
	0.12
	0.15–8.52
	2.21
	489
	0.01–0.41
	0.14
	1020

	Gazdor
	1.02
	0.43
	0.52
	0.79
	0.47
	0.32
	0.24
	0.45
	0.27
	0.19
	0.13
	0.17– 8.86
	2.22
	637
	0.01–0.42
	0.14
	1784

	Gazgaz
	1.02
	0.39
	0.51
	0.74
	0.45
	0.33
	0.23
	0.35
	0.22
	0.16
	0.11
	0.27– 8.00
	2.32
	640
	0.01–0.68
	0.20
	1667

	Gazlep
	1.08
	0.37
	0.55
	0.71
	0.47
	0.35
	0.25
	0.33
	0.21
	0.16
	0.11
	0.15– 5.37
	1.91
	530
	0.01–0.58
	0.20
	1106

	Gazsub
	1.02
	0.40
	0.62
	0.69
	0.46
	0.34
	0.24
	0.34
	0.22
	0.16
	0.12
	0.19–6.66
	2.30
	670
	0.01–0.53
	0.19
	1395

	Kobkob
	1.02
	0.42
	0.52
	0.76
	0.53
	0.42
	0.28
	0.28
	0.20
	0.16
	0.10
	0.26–6.77
	2.69
	822
	0.01–0.52
	0.19
	1952

	Nandam
	1.06
	0.41
	0.57
	0.65
	0.45
	0.34
	0.24
	0.29
	0.20
	0.15
	0.11
	0.13–7.34
	2.26
	700
	0.01–0.62
	0.21
	1778

	Nangra
	1.08
	0.41
	0.55
	0.64
	0.42
	0.31
	0.21
	0.29
	0.19
	0.14
	0.10
	0.17–5.49
	1.68
	699
	0.01–0.50
	1.62
	1948

	Oreame
	1.00
	0.45
	0.67
	0.62
	0.46
	0.38
	0.25
	0.28
	0.21
	0.17
	0.11
	0.17–6.27
	2.53
	638
	0.01–0.46
	0.14
	1604

	Ovimos
	1.02
	0.50
	0.59
	0.61
	0.43
	0.33
	0.23
	0.24
	0.17
	0.13
	0.09
	0.25–6.35
	2.34
	544
	0.01–0.51
	0.17
	1519

	Oviari
	1.00
	0.26
	0.37
	0.67
	0.47
	0.37
	0.25
	0.20
	0.14
	0.11
	0.07
	0.24–7.89
	2.39
	671
	0.01–0.48
	0.17
	1548

	Oviori
	1.06
	0.30
	0.36
	0.68
	0.44
	0.33
	0.22
	0.26
	0.17
	0.12
	0.08
	0.27–6.94
	2.40
	447
	0.01–0.56
	0.18
	1273

	Ovican
	1.04
	0.23
	0.59
	0.72
	0.50
	0.39
	0.27
	0.23
	0.16
	0.13
	0.09
	0.29–8.62
	2.69
	474
	0.01–0.51
	0.17
	1477

	Phymon
	1.06
	0.44
	0.62
	0.76
	0.42
	0.29
	0.18
	0.44
	0.24
	0.17
	0.11
	0.32–14.65
	2.75
	660
	0.01–0.56
	0.18
	1842

	Orydam
	1.09
	0.44
	0.64
	0.69
	0.44
	0.33
	0.24
	0.34
	0.22
	0.16
	0.11
	0.09–5.94
	2.20
	544
	0.01–0.57
	0.19
	1848

	Orybei
	1.00
	0.45
	0.64
	0.74
	0.45
	0.32
	0.22
	0.23
	0.14
	0.10
	0.07
	0.28–6.97
	1.86
	983
	0.01–0.68
	0.21
	2619

	Orygaz
	1.01
	0.41
	0.57
	0.70
	0.47
	0.35
	0.25
	0.27
	0.18
	0.13
	0.09
	0.22–7.46
	2.39
	725
	0.01–0.75
	0.23
	1631

	Redaru
	1.01
	0.40
	0.57
	0.73
	0.50
	0.37
	0.23
	0.28
	0.19
	0.14
	0.09
	0.09–8.81
	2.85
	1038
	0.01–0.60
	0.19
	1864

	Trestr
	1.08
	0.38
	0.59
	0.59
	0.39
	0.30
	0.21
	0.27
	0.18
	0.14
	0.09
	0.19–7.40
	2.07
	980
	0.01–0.69
	0.21
	2205

	Lamgla
	1.06
	0.54
	0.53
	0.76
	0.51
	0.39
	0.24
	0.36
	0.24
	0.19
	0.11
	0.08–2.54
	0.78
	765
	0.01–0.97
	0.13
	1263

	Susscr
	1.25
	0.57
	0.36
	0.57
	0.43
	0.34
	0.24
	0.28
	0.21
	0.17
	0.12
	0.016–4.71
	1.53
	539
	0.01–0.63
	0.19
	1123

	Taypec
	1.21
	0.44
	0.36
	0.59
	0.32
	0.22
	0.14
	0.65
	0.35
	0.24
	0.15
	0.30–2.85
	1.12
	1072
	0.01–0.50
	0.15
	3495

	Phaaet
	1.40
	0.40
	0.29
	0.56
	0.46
	0.39
	0.26
	0.16
	0.13
	0.11
	0.07
	0.03–4.91
	1.58
	732
	0.01–0.43
	0.12
	1495

	Babbab
	1.33
	0.35
	0.36
	0.54
	0.39
	0.30
	0.19
	0.30
	0.21
	0.16
	0.10
	0.03–2.00
	0.69
	1064
	0.01–0.41
	0.13
	2230

	Potpor
	1.23
	0.26
	0.41
	0.45
	0.33
	0.25
	0.16
	0.19
	0.14
	0.10
	0.07
	0.02–5.06
	0.15
	543
	0–0.56
	0.15
	1979

	Trajav
	1.08
	0.40
	0.53
	0.97
	0.50
	0.34
	0.25
	0.35
	0.18
	0.12
	0.09
	0.29–5.46
	2.19
	498
	0.01–0.64
	0.18
	2361

	Gircam
	1.04
	0.25
	0.32
	0.65
	0.45
	0.35
	0.20
	0.16
	0.11
	0.08
	0.05
	0.18–15.28
	4.24
	838
	0.01–0.93
	0.23
	1185

	Lepeur
	1.40
	0.90
	1.03
	0.66
	0.56
	0.48
	0.30
	0.04
	0.03
	0.03
	0.02
	0.07–4.44
	1.68
	490
	0–0.53
	0.08
	1859

	Ortcun
	1.36
	0.88
	0.76
	0.64
	0.54
	0.46
	0.28
	0.08
	0.07
	0.06
	0.03
	0.08–5.70
	1.11
	609
	0–0.88
	0.1
	1770

	Lasssp
	1.41
	0.24
	0.53
	1.06
	0.78
	0.61
	0.35
	0.32
	0.23
	0.18
	0.11
	0.05–3.33
	1.21
	871
	0–0.42
	0.08
	1411

	Pseper
	1.08
	0.58
	0.76
	0.76
	0.44
	0.31
	0.24
	0.52
	0.30
	0.21
	0.16
	0.18–6.50
	2.56
	509
	0.01–0.77
	0.24
	2755

	Trivul
	1.12
	0.50
	0.68
	0.75
	0.55
	0.31
	0.33
	0.38
	0.28
	0.16
	0.17
	0.07–4.76
	1.80
	877
	0.01–0.51
	0.15
	2588

	Vomurs
	1.46
	0.13
	0.55
	0.98
	0.71
	0.56
	0.37
	0.25
	0.18
	0.14
	0.10
	0.29–3.82
	1.22
	1072
	0–0.42
	0.08
	2794

	Betgai
	1.10
	0.48
	0.67
	0.84
	0.55
	0.41
	0.27
	0.53
	0.34
	0.26
	0.17
	0.08–6.76
	2.63
	572
	0.01–0.58
	0.17
	2126

	Thybil
	1.24
	1.07
	1.12
	0.79
	0.57
	0.44
	0.27
	0.46
	0.33
	0.25
	0.16
	0.12–6.54
	2.97
	544
	0.01–0.69
	0.17
	1562

	Walbic
	1.27
	1.04
	1.10
	0.78
	0.58
	0.45
	0.32
	0.48
	0.35
	0.27
	0.19
	0.21–6.42
	2.68
	488
	0.01–0.63
	0.19
	1140

	Petbra
	1.23
	0.94
	1.04
	0.90
	0.59
	0.43
	0.30
	0.40
	0.26
	0.19
	0.13
	0.12–7.56
	2.97
	460
	0.01–0.77
	0.20
	1595

	Casfib
	1.29
	0.86
	0.92
	0.91
	0.69
	0.56
	0.42
	0.33
	0.25
	0.20
	0.15
	0.54–2.51
	0,87
	707
	0–0.52
	0.02
	760

	Cascan
	1.32
	0.86
	0.88
	0.89
	0.72
	0.60
	0.36
	0.24
	0.20
	0.16
	0.10
	0.42–1.94
	0.94
	1072
	0–0.42
	0.06
	1332

	Cynlud
	1.35
	0.76
	0.76
	1.21
	0.86
	0.64
	0.41
	0.26
	0.19
	0.14
	0.09
	0.10–4.54
	1.42
	540
	0–0.43
	0.04
	1143

	Ratbic
	1.35
	0.87
	1.53
	0.95
	0.73
	0.59
	0.42
	0.25
	0.20
	0.16
	0.11
	0,05–2.42
	0.76
	654
	0–0.41
	0.04
	993

	Micmim
	1.17
	2.05
	1.48
	1.13
	0.89
	0.72
	0.46
	0.20
	0.16
	0.13
	0.08
	0.25–2.41
	0.97
	1072
	0–0.37
	0.02
	1579

	Specit
	1.31
	1.28
	1.36
	1.17
	0.78
	0.58
	0.35
	0.35
	0.23
	0.17
	0.11
	0.09–4.95
	2.09
	740
	0–0.44
	0.06
	1492

	Bislao
	1.43
	0.81
	0.81
	0.99
	0.74
	0.59
	0.38
	0.40
	0.30
	0.24
	0.15
	0.14–3.31
	1.29
	733
	0–0.37
	0.04
	1034

	Scicar
	1.37
	1.50
	1.41
	1.09
	0.83
	0.67
	0.42
	0.33
	0.25
	0.20
	0.13
	0.05–2.11
	0.79
	596
	0–0.41
	0.02
	1359

	Scivul
	1.39
	1.47
	1.48
	1.17
	0.86
	0.69
	0.43
	0.38
	0.28
	0.22
	0.14
	0.46–2.33
	1.03
	1072
	0–0.48
	0.08
	1474

	Gligli
	1.37
	1.23
	1.33
	0.99
	0.76
	0.60
	0.39
	0.36
	0.28
	0.22
	0.14
	0.10–4.52
	1.50
	437
	0–0.49
	0.07
	978

	Gueing
	1.19
	2.04
	1.44
	1.07
	0.88
	0.74
	0.47
	0.28
	0.23
	0.19
	0.12
	0.06–2.16
	0.69
	829
	0–0.38
	0.02
	981

	Akocur
	1.39
	2.17
	2.47
	1.08
	0.79
	0.62
	0.38
	0.30
	0.22
	0.17
	0.11
	0.11–5.78
	2.27
	534
	0–0.49
	0.02
	853

	Akolin
	1.33
	2.17
	2.54
	1.07
	0.78
	0.61
	0.37
	0.29
	0.21
	0.16
	0.10
	0.11–6.11
	2.16
	737
	0–0.46
	0.09
	1419

	Akoser
	1.40
	2.09
	2.44
	1.08
	0.79
	0.58
	0.35
	0.28
	0.20
	0.15
	0.09
	0.11–5.35
	1.89
	841
	0–0.45
	0.05
	1514

	Blabre
	1.49
	1.80
	2.05
	1.10
	0.75
	0.56
	0.36
	0.38
	0.26
	0.20
	0.13
	0.12–7.14
	2.26
	724
	0–0.48
	0.03
	1404

	Callau
	1.44
	1.71
	2.05
	0.98
	0.77
	0.63
	0.40
	0.26
	0.20
	0.17
	0.11
	0.05–3.77
	1.20
	1011
	0–0.45
	0.03
	1204

	Cerviv
	1.24
	2.65
	2.92
	0.96
	0.74
	0.60
	0.37
	0.29
	0.23
	0.18
	0.11
	0.06–3.54
	1.12
	834
	0–0.49
	0.03
	986

	Delsub
	1.35
	1.87
	2.15
	0.85
	0.68
	0.57
	0.36
	0.19
	0.15
	0.13
	0.08
	0.09–3.64
	1.54
	643
	0–0.50
	0.01
	886

	Eurrus
	1.37
	2.18
	2.01
	1.06
	0.81
	0.66
	0.41
	0.32
	0.25
	0.20
	0.12
	0.10–2.14
	0.90
	768
	0–0.44
	0.02
	1125

	Julpic
	1.31
	2.11
	1.75
	0.99
	0.78
	0.64
	0.42
	0.38
	0.30
	0.25
	0.16
	0.08–2.27
	0.96
	805
	0–0.46
	0.01
	1087

	Neclas
	1.49
	2.88
	1.68
	1.01
	0.79
	0.64
	0.40
	0.28
	0.22
	0.18
	0.11
	0.09–4.17
	1.62
	760
	0–0.47
	0.02
	1153

	Necsqu
	1.45
	1.49
	1.63
	1.04
	0.81
	0.65
	0.40
	0.24
	0.19
	0.15
	0.09
	0.14–2.10
	0.96
	959
	0–0.48
	0.01
	1133

	Olifla
	1.48
	1.89
	2.01
	1.06
	0.80
	0.63
	0.38
	0.29
	0.22
	0.17
	0.10
	0.09–5.61
	1.87
	549
	0–0.44
	0.02
	822

	Olinig
	1.53
	1.92
	2.03
	1.04
	0.78
	0.63
	0.40
	0.31
	0.24
	0.19
	0.12
	0.02–2.02
	0.78
	702
	0–0.52
	0.02
	973

	Thanig
	1.27
	2.17
	2.40
	0.98
	0.76
	0.62
	0.38
	0.36
	0.28
	0.23
	0.14
	0.06–4.59
	1.55
	779
	0–0.42
	0.01
	713

	Oxycap
	1.43
	1.81
	2.17
	0.66
	0.52
	0.43
	0.27
	0.19
	0.15
	0.13
	0.08
	0.24–7.20
	2.79
	549
	0–0.80
	0.18
	788

	Oxydas
	1.40
	2.06
	2.04
	0.70
	0.53
	0.42
	0.27
	0.21
	0.16
	0.13
	0.08
	0.16–7.03
	2.33
	523
	0–0.49
	0.01
	1029

	Rhymas
	1.38
	2.61
	3.03
	0.91
	0.71
	0.58
	0.37
	0.24
	0.19
	0.15
	0.10
	0.10–5.58
	1.66
	623
	0–0.46
	0.03
	951

	Holbra
	1.36
	2.07
	2.18
	0.91
	0.73
	0.60
	0.38
	0.25
	0.20
	0.16
	0.10
	0.14–1.86
	0.78
	444
	0–0.42
	0.02
	1479

	Holsci
	1.31
	1.96
	2.05
	0.96
	0.73
	0.58
	0.37
	0.30
	0.23
	0.18
	0.12
	0.11–2.88
	1.22
	591
	0–0.46
	0.02
	876

	Oeccat
	1.32
	2.11
	2.14
	0.94
	0.74
	0.61
	0.38
	0.27
	0.21
	0.17
	0.11
	0.02–2.75
	1.11
	754
	0–0.44
	0.04
	1044

	Oecmam
	1.34
	2.31
	2.45
	0.93
	0.77
	0.62
	0.41
	0.23
	0.19
	0.15
	0.10
	0.13–3.02
	1.12
	699
	0–0.48
	0.14
	872

	Cricri
	1.55
	1.83
	2.65
	0.97
	0.77
	0.64
	0.36
	0.36
	0.29
	0.24
	0.14
	0.08–2.59
	1.11
	740
	0–0.49
	0.03
	722

	Arvamp
	1.36
	1.52
	1.97
	1.02
	0.82
	0.67
	0.37
	0.44
	0.36
	0.29
	0.16
	0.09–3.55
	1.51
	826
	0–0.48
	0.02
	1078

	Ondzib
	1.48
	1.50
	3.46
	0.92
	0.78
	0.67
	0.39
	0.20
	0.17
	0.14
	0.08
	0.54–2.64
	1.07
	1072
	0–0.46
	0.03
	1158

	Musmus
	1.28
	1.70
	1.59
	1.09
	0.75
	0.57
	0.34
	0.48
	0.33
	0.25
	0.15
	0.23–8.40
	2.84
	768
	0–0.40
	0.01
	1050

	Ratnov
	1.24
	2.09
	2.00
	1.03
	0.78
	0.63
	0.38
	0.32
	0.24
	0.20
	0.12
	0.14–4.37
	1.60
	1067
	0–0.56
	0.02
	1101

	Ratrat
	1.24
	1.94
	2.04
	1.10
	0.82
	0.65
	0.39
	0.47
	0.35
	0.28
	0.17
	0.15–4.45
	1.76
	944
	0–0.41
	0.02
	1407

	Aposyl
	1.27
	2.64
	2.09
	1.14
	0.83
	0.65
	0.38
	0.50
	0.37
	0.29
	0.17
	0.12–6.13
	2.09
	617
	0–0.46
	0.04
	900

	Hysind
	1.18
	1.60
	1.53
	1.06
	0.71
	0.53
	0.34
	0.16
	0.11
	0.08
	0.05
	0.17–3.73
	1.26
	716
	0–0.38
	0.01
	1283

	Hetgla
	1.37
	1.25
	1.64
	0.81
	0.65
	0.53
	0.29
	0.50
	0.40
	0.33
	0.18
	0.32–2.95
	1.10
	1072
	0–0.73
	0.03
	734

	Hydhyd
	1.37
	1.81
	2.14
	0.77
	0.49
	0.36
	0.24
	0.19
	0.12
	0.09
	0.06
	0.22–6.67
	2.11
	478
	0–0.58
	     0.03
	1302

	Cavape
	1.34
	1.99
	2.40
	0.86
	0.57
	0.46
	0.26
	0.31
	0.20
	0.16
	0.09
	0.07–5.71
	2.46
	561
	0–0.57
	0.03
	930

	Cavful
	1.30
	1.91
	2.17
	0.83
	0.56
	0.42
	0.25
	0.32
	0.21
	0.16
	0.10
	0.04–3.86
	1.66
	914
	0–0.64
	0.03
	1192

	Conspe
	1.37
	1.21
	1.68
	1.00
	0.73
	0.57
	0.38
	0.14
	0.11
	0.08
	0.06
	0.08–3.76
	1.50
	586
	0–0.42
	0.02
	848

	Conlon
	1.32
	1.31
	1.64
	0.95
	0.76
	0.64
	0.43
	0.17
	0.14
	0.11
	0.08
	0.15–2.56
	0.98
	517
	0–0.41
	0.02
	924

	Conpre
	1.34
	1.26
	1.53
	0.96
	0.77
	0.64
	0.42
	0.19
	0.15
	0.13
	0.08
	0.03–3.43
	1.22
	708
	0–0.50
	0.02
	1198

	Cteand
	1.37
	1.50
	1.65
	0.82
	0.67
	0.56
	0.35
	0.18
	0.15
	0.12
	0.08
	0.06–2.05
	0.81
	980
	0–0.46
	0.02
	1224

	Cteyat
	1.37
	1.65
	1.85
	0.85
	0.65
	0.52
	0.35
	0.16
	0.12
	0.10
	0.07
	0.06–2.02
	0.63
	709
	0–0.47
	0.01
	1175

	Cteles
	1.43
	1.33
	1.54
	0.86
	0.69
	0.58
	0.35
	0.14
	0.11
	0.09
	0.06
	0.05–2.03
	0.78
	837
	0–0.45
	0.02
	931

	Cteeri
	1.27
	1.36
	1.54
	0.83
	0.70
	0.60
	0.39
	0.14
	0.12
	0.10
	0.06
	0.02–1.11
	0.52
	1038
	0–0.46
	0.03
	1220

	Ctepul
	1.34
	1.57
	1.71
	0.87
	0.68
	0.56
	0.37
	0.23
	0.19
	0.15
	0.10
	0.04–1.17
	0.52
	966
	0–0.37
	0.01
	1310

	Ctebid
	1.35
	1.15
	1.57
	0.84
	0.70
	0.59
	0.38
	0.14
	0.11
	0.09
	0.06
	0.02–1.44
	0.51
	974
	0–0.38
	0.01
	1043

	Ctetal
	1.44
	1.77
	1.75
	0.90
	0.73
	0.60
	0.39
	0.16
	0.13
	0.10
	0.07
	0.05–1.49
	0.63
	858
	0–0.47
	0.01
	1122

	Daspry
	1.38
	2.74
	2.01
	1.20
	0.78
	0.57
	0.36
	0.24
	0.16
	0.11
	0.07
	0.61–3.85
	1.78
	454
	0–0.43
	0.02
	990

	Trigra
	1.37
	1.98
	1.75
	0.87
	0.64
	0.50
	0.32
	0.12
	0.09
	0.07
	0.04
	0.07–2.61
	1.01
	922
	0–0.48
	0.01
	1284

	Triper
	1.36
	2.32
	1.98
	0.85
	0.72
	0.62
	0.43
	0.10
	0.09
	0.08
	0.05
	0.06–1.39
	0.57
	783
	0–0.42
	0.01
	1247

	Triset
	1.28
	2.18
	1.76
	0.86
	0.72
	0.61
	0.41
	0.08
	0.06
	0.05
	0.04
	0.03–1.73
	0.72
	647
	0–0.40
	0.02
	1065

	Phypat
	1.37
	1.72
	2.67
	0.91
	0.66
	0.51
	0.34
	0.24
	0.18
	0.14
	0.09
	0.11–3.69
	1.46
	509
	0–0.47
	0.02
	951

	Hetbru
	1.37
	0.46
	0.62
	0.88
	0.52
	0.37
	0.31
	0.51
	0.30
	0.22
	0.18
	0.15–1.68
	0.66
	641
	0–0.35
	0.08
	1686

	Chichi
	1.38
	2.34
	1.44
	0.92
	0.67
	0.51
	0.33
	0.20
	0.15
	0.11
	0.07
	0.61–3.85
	1.78
	1072
	0–0.51
	0.02
	1999

	Thrwswi
	1.32
	1.50
	1.04
	0.80
	0.59
	0.47
	0.35
	0.12
	0.09
	0.07
	0.05
	0.08–1.69
	0.60
	533
	0–0.40
	0.02
	1293

	Myocoi
	1.28
	1.78
	1.15
	1.09
	0.63
	0.42
	0.28
	0.27
	0.16
	0.11
	0.07
	0.07–3.93
	1.47
	468
	0–0.39
	0.01
	1327

	Fukliv
	1.38
	1.83
	1.55
	0.79
	0.66
	0.58
	0.31
	0.45
	0.37
	0.33
	0.18
	0.01–4.49
	2.01
	878
	0–0.62
	0.03
	848

	Fukhan
	1.42
	1.79
	1.78
	0.81
	0.64
	0.53
	0.28
	0.47
	0.38
	0.31
	0.16
	0.03–4.87
	1.85
	917
	0–0.62
	0.03
	780

	Pleach
	1.22
	0.29
	0.28
	0.68
	0.53
	0.45
	0.33
	0.27
	0.22
	0.18
	0.14
	0.03-1.43
	0.47
	490
	0–0.36
	0.09
	1164

	Mescri
	1.12
	0.26
	0.24
	0.64
	0.50
	0.42
	0.31
	0.24
	0.18
	0.15
	0.11
	0.06–2.02
	0.44
	484
	0–0.33
	0.08
	1403

	Pseexi
	1.21
	0.34
	0.33
	0.67
	0.51
	0.41
	0.32
	0.28
	0.22
	0.17
	0.13
	0.05–1.59
	0.45
	434
	0–0.31
	0.06
	1240

	Carmun
	1.19
	0.33
	0.36
	0.65
	0.51
	0.42
	0.32
	0.34
	0.27
	0.22
	0.17
	0.03–1.83
	0.63
	545
	0–0.34
	0.08
	2145

	Pacmoy
	1.38
	0.57
	0.45
	0.81
	0.61
	0.48
	0.37
	0.19
	0.14
	0.11
	0.09
	0.04–1.94
	0.69
	378
	0–0.38
	0.05
	1168

	Hegmir
	1.21
	0.39
	0.35
	0.71
	0.49
	0.38
	0.28
	0.18
	0.12
	0.09
	0.07
	0.03–7.18
	1.48
	445
	0.01–0.38
	0.12
	1496

	Proaus
	1.27
	0.49
	0.44
	0.65
	0.44
	0.34
	0.26
	0.34
	0.23
	0.18
	0.14
	0.07–2.06
	0.64
	519
	0.01–0.37
	0.12
	1568

	Introb
	1.25
	0.48
	0.50
	0.73
	0.51
	0.41
	0.30
	0.38
	0.27
	0.21
	0.16
	0.07–1.40
	0.38
	426
	0–0.30
	0.04
	1507

	Micano
	1.32
	0.47
	0.46
	0.81
	0.56
	0.42
	0.32
	0.30
	0.20
	0.15
	0.12
	0.02–1.87
	0.70
	522
	0–0.42
	0.12
	1457

	Nesimb
	1.20
	0.25
	0.25
	0.60
	0.41
	0.32
	0.26
	0.30
	0.20
	0.16
	0.13
	0.04–1.96
	0.90
	342
	0.01–0.34
	0.11
	1652

	Adiovi
	1.23
	0.26
	0.27
	0.62
	0.44
	0.34
	0.27
	0.30
	0.22
	0.17
	0.13
	0.01–2.21
	0.78
	345
	0–0.31
	0.09
	1774

	Palobt
	1.26
	0.23
	0.29
	0.55
	0.38
	0.29
	0.23
	0.37
	0.25
	0.19
	0.15
	0.04–3.15
	0.90
	528
	0–0.38
	0.11
	1597



2. SI References for muscular reconstruction and Table S1
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3. R CODE

install.packages("svglite")
install.packages("systemfonts")

# library -----------------------------------------------------------------
library(tidyverse)
library(dplyr)
library(MVN)
library(FactoMineR)
library(factoextra)
library(psych)
library(nFactors)
library(corrplot)
library(PerformanceAnalytics)
library(paran)
library(GPArotation)
library(ggplot2)
library(haven)
library(readxl)
library(NbClust)
library(MVN)
library(svglite)
library(ggplot2)

# Data ---------------------------------------------------------
setwd("/Users/joseignacioarriagada/Desktop/MPALEO/TESIS")
data <- read_excel("BD_Beyondmoderanalogues.xlsx", sheet = "Hoja1")
view(data)
datos1 <- data[,7:18]
datos1
datos1 <- data.frame(datos1, row.names = 1) 

datos2 <- data[,7:10]
datos2
datos2 <- data.frame(datos2,row.names = 1)


# 2. Filtrar por la categoría y seleccionar las columnas numéricas
datos3noto <- data %>% 
  filter(ORDEN == "Notoungulata") %>%        # Cambia 'Order' por el nombre real de tu columna
  dplyr::select(ABREV, 7:10) %>%                # Incluye la columna de nombres (ej. Especie) y tus datos 7 a 18
  tibble::column_to_rownames("ABREV")      # Asigna los nombres de las filas sin perder el tipo data.frame

# Shapiro wilks test ---------------------------------------

shapiro.test(datos1$I_Circ) #--No normality--#
shapiro.test(datos1$I_Cóndilo)  #--No normality--#
shapiro.test(datos1$I_CavGlen)  #--No normality--#

mvn(data = datos2, mvnTest = "mardia")  # another test to prove normality

# Making correlation correlation matrix  ---------------------------------
# Correlating #
corr.test(datos1)
cordatos1 <- cor(datos1)

# CORRELATION MATRIX  #
corrplot(cor(datos1),order="hclust",tl.col="black"
         ,tl.cex=1) 
         
FigS2 <- chart.Correlation(datos1, histogram = TRUE,
                                    method = "spearman")

FigS2b <- chart.Correlation(datos3noto, histogram = TRUE,
                            method = "spearman")

ggsave("CorrelationNoto", plot = FigS2b, dpi = 300, device = "svg")


# non-hierarchical ---------------------------------------------------
#--Ecludian distance--#

dist.eucl2<-dist(datos2, method="euclidean")
round(as.matrix(dist.eucl)[1:3,1:3],2)

#---Optimal cluster, Allong index---#

install.packages("NbClust")
library("NbClust")

resnunclus2 <- NbClust(datos2, 
                       distance = "euclidean", 
                       min.nc= 2, max.nc= 10, 
                       method="kmeans", index="alllong")
resnunclus2

# Plots ----------------------------------------------------------------
# ----- K means------

kmRes222<-kmeans(datos2,
                 centers=3,
                 nstart=140)
kmRes222

aggregate(datos2, by=list(cluster=kmRes222$cluster),mean)
dd <- cbind(datos2,cluster=kmRes222$cluster)
head(dd)

fviz_cluster(kmRes222, data = datos2,
             palette = c("#2E9FDF", "#00AFBB", "#E7B800"),
             ellipse.type = "euclid",
             star.plot = TRUE,
             repel = TRUE,
             ggtheme = theme_minimal())


# ---HIGHLIGHTING NOTOUNGULATA -----# 

highlight_species <- c("Adiovi", "Carmun", "Proaus", "Introb", "Hegmir", "Mescri", "Micano", "Nesimb", "Pacmoy", "Palobt", "Pleach", "Pseexi")

# ---New data frame ----#
dd <- cbind(datos2, cluster = kmRes222$cluster)

# --- Filtering species selected ---- #
highlight_data <- dd[rownames(dd) %in% highlight_species, ]

# Plots-----
p <- fviz_cluster(kmRes222, data = datos2,
                  palette = c("#2E9FDF", "#DE0AFA", "darkgrey"),
                  ellipse.type = "euclid",
                  ellipse.alpha = 0.2,  
                  star.plot = TRUE,
                  repel = TRUE, labelsize = 9,
                  ggtheme = theme_minimal())

# ---- Extracting plot coordinates ------#  
p_data <- p$data

# -------Filter coordinates of highlighted speceies------#
highlight_data <- p_data[p_data$name %in% highlight_species, ]

kmRes222$cluster %>% names

highlight_data$name



# Plot -------
p_2 <-
  p + theme() +
  geom_point(data = highlight_data, aes(x = x, y = y), 
             color = "red", size = 2, shape = 17) + #Este es el mejor gráfico que tengo hasta el momento#
  
  geom_text(data = highlight_data, aes(x = x, y = y, label = name), 
            vjust = -1, color = "red", size = 3) + #Con esto se le agregan los nombres a cada uno pero no los resalta los coloca de nuevo encima#
  labs(title = "Analisis de Cluster No Jerarquico",
       subtitle = "Morfometría Lineal de la articulación Temporomandibular") +
  theme(line = element_line(linewidth = 0.1))

# ---- eingeenvalues -----# 

res.pca <- prcomp(datos2, scale. = TRUE)

loadings <- as.data.frame(res.pca$rotation[, 1:2])
loadings$varnames <- rownames(loadings)

loadings[,1:2] <- loadings[,1:2] * 3  # ajusta factor si quedan muy largos/cortos

p_2 +
  geom_segment(data = loadings,
               aes(x = 0, y = 0, 
                   xend = PC1, yend = PC2),
               arrow = arrow(length = unit(0.2,"cm")),
               color = "black") +
  geom_text(data = loadings,
            aes(x = PC1, y = PC2, label = varnames),
            size = 3)
p_2 + scale_y_reverse ()


# Fig 2 plot maintext  -----
p_paper <- p_2 +
  geom_segment(data = loadings,
               aes(x = 0, y = 0,
                   xend = PC1, yend = PC2),
               arrow = arrow(length = unit(0.25,"cm")),
               colour = "black",
               linewidth = 0.6,
               inherit.aes = FALSE) +
  geom_text(data = loadings,
            aes(x = PC1, y = PC2, label = varnames),
            size = 3.5,
            colour = "black",
            inherit.aes = FALSE) +
  scale_y_reverse()



# ----- Fig. S9 Plot supplementary CI ---- #

library(ggplot2)

data$Categoría_paper <- factor(data$Categoría_paper, levels = c(
  "Bovidae", "Cervidae", "Camelidae", "Girafidae","Suidae","Tragulidae","Equidae","Rhinocerotidae","Tapiridae",
  "Mesotheriidae","Interatheriidae","Hegetotheriidae","Toxodontidae","Hyracoidea","Hystricomorpha",
  "Miomorfa","Sciuromorpho","Leporidae","Vombatidae","Diprotodontia"
))


boxplot_familia <-
  ggplot(data, aes(x = Categoría_paper, y = I_Cóndilo, fill = Categoría_paper)) +
  geom_boxplot(notch = FALSE, outlier.shape = 18, outlier.fill = "gray", outlier.color = "black", outlier.size = 2, alpha = 0.6) +  
  geom_jitter(aes(color = Categoría_paper), width = 0.2, alpha = 0.5, size = 1.5) +  
  stat_summary(fun = mean, geom = "point", shape = 10, size =2, color = "black") +  
  scale_fill_manual(values = c(
    "Bovidae" = "gray70", "Cervidae"= "gray70", "Camelidae"= "gray70", "Girafidae"= "gray70","Suidae"= "gray70","Tragulidae"= "gray70","Equidae"= "gray70","Rhinocerotidae"= "gray70","Tapiridae"= "gray70",
    "Mesotheriidae"= "red","Interatheriidae"= "red","Hegetotheriidae"= "red","Toxodontidae"= "red","Hyracoidea"= "gray40","Hystricomorpha"= "gray70",
    "Miomorfa"= "gray70", "Sciuromorpho"= "gray70","Leporidae"= "gray70","Vombatidae"= "gray70","Diprotodontia"= "gray40"
  )) +  
  scale_color_manual(values = c(
    "Bovidae" = "gray40", "Cervidae"= "gray40", "Camelidae"= "gray40", "Girafidae"= "gray40","Suidae"= "gray40","Tragulidae"= "gray40","Equidae"= "gray40","Rhinocerotidae"= "gray40","Tapiridae"= "gray40",
    "Mesotheriidae"= "red","Interatheriidae"= "red","Hegetotheriidae"= "red","Toxodontidae"= "red","Hyracoidea"= "gray40","Hystricomorpha"= "gray40",
    "Miomorfa"= "gray40", "Sciuromorpho"= "gray40","Leporidae"= "gray40","Vombatidae"= "gray40", "Diprotodontia"= "gray40"
  )) +
  theme_classic() +
  theme(
    text = element_text(size = 16),
    axis.text.x = element_text(angle = 45, hjust = 1),
    legend.position = "none"
  ) +
  scale_x_discrete(expand = c(0.05, 0.05)) +  
  labs(x = "Categoría Paper", y = "Índice Cóndilo", title = "Comparación del Índice Cóndilo entre familias")

ggsave("boxplot_1_índicedelacurvaturadelcóndilofamilia.svg", plot = boxplot_familia, dpi = 300, device = "svg")

# ----- Fig. S8 Plot supplementary ICG ---- #


boxplot_familia_cavidad_glenoidea <-
  ggplot(data, aes(x = Categoría_paper, y = I_CavGlen, fill = Categoría_paper)) +
  geom_boxplot(notch = FALSE, outlier.shape = 18, outlier.fill = "gray", outlier.color = "black", outlier.size = 2, alpha = 0.6) +  
  geom_jitter(aes(color = Categoría_paper), width = 0.2, alpha = 0.5, size = 1.5) +  
  stat_summary(fun = mean, geom = "point", shape = 10, size =2, color = "black") +  
  scale_fill_manual(values = c(
    "Bovidae" = "gray70", "Cervidae"= "gray70", "Camelidae"= "gray70", "Girafidae"= "gray70","Suidae"= "gray70","Tragulidae"= "gray70","Equidae"= "gray70","Rhinocerotidae"= "gray70","Tapiridae"= "gray70",
    "Mesotheriidae"= "red","Interatheriidae"= "red","Hegetotheriidae"= "red","Toxodontidae"= "red","Hyracoidea"= "gray40","Hystricomorpha"= "gray70",
    "Miomorfa"= "gray70", "Sciuromorpho"= "gray70","Leporidae"= "gray70","Vombatidae"= "gray70","Diprotodontia"= "gray40"
  )) +  
  scale_color_manual(values = c(
    "Bovidae" = "gray40", "Cervidae"= "gray40", "Camelidae"= "gray40", "Girafidae"= "gray40","Suidae"= "gray40","Tragulidae"= "gray40","Equidae"= "gray40","Rhinocerotidae"= "gray40","Tapiridae"= "gray40",
    "Mesotheriidae"= "red","Interatheriidae"= "red","Hegetotheriidae"= "red","Toxodontidae"= "red","Hyracoidea"= "gray40","Hystricomorpha"= "gray40",
    "Miomorfa"= "gray40", "Sciuromorpho"= "gray40","Leporidae"= "gray40","Vombatidae"= "gray40", "Diprotodontia"= "gray40"
  )) +
  theme_classic() +
  theme(
    text = element_text(size = 16),
    axis.text.x = element_text(angle = 45, hjust = 1),
    legend.position = "none"
  ) +
  scale_x_discrete(expand = c(0.05, 0.05)) +  
  labs(x = "Categoría Paper", y = "I_CavGlen", title = "Comparación del Índice la cavidad glenoidea entre familias")

ggsave("boxplot_1_índicedelacavidadglenoidea.svg", plot = boxplot_familia_cavidad_glenoidea, dpi = 300, device = "svg")

# ----- Fig. S9 Plot supplementary ICC ---- #

boxplot_familia_ICIRC <-
  ggplot(data, aes(x = Categoría_paper, y = I_Circ, fill = Categoría_paper)) +
  geom_boxplot(notch = F, outlier.shape = 18, outlier.fill = "gray", outlier.color = "black", outlier.size = 2, alpha = 0.6) +  
  geom_jitter(aes(color = Categoría_paper), width = 0.2, alpha = 0.5, size = 1.5) +  
  stat_summary(fun = mean, geom = "point", shape = 10, size =2, color = "black") +  
  scale_fill_manual(values = c(
    "Bovidae" = "gray70", "Cervidae"= "gray70", "Camelidae"= "gray70", "Girafidae"= "gray70","Suidae"= "gray70","Tragulidae"= "gray70","Equidae"= "gray70","Rhinocerotidae"= "gray70","Tapiridae"= "gray70",
    "Mesotheriidae"= "red","Interatheriidae"= "red","Hegetotheriidae"= "red","Toxodontidae"= "red","Hyracoidea"= "gray40","Hystricomorpha"= "gray70",
    "Miomorfa"= "gray70", "Sciuromorpho"= "gray70","Leporidae"= "gray70","Vombatidae"= "gray70","Diprotodontia"= "gray40"
  )) +  
  scale_color_manual(values = c(
    "Bovidae" = "gray40", "Cervidae"= "gray40", "Camelidae"= "gray40", "Girafidae"= "gray40","Suidae"= "gray40","Tragulidae"= "gray40","Equidae"= "gray40","Rhinocerotidae"= "gray40","Tapiridae"= "gray40",
    "Mesotheriidae"= "red","Interatheriidae"= "red","Hegetotheriidae"= "red","Toxodontidae"= "red","Hyracoidea"= "gray40","Hystricomorpha"= "gray40",
    "Miomorfa"= "gray40", "Sciuromorpho"= "gray40","Leporidae"= "gray40","Vombatidae"= "gray40", "Diprotodontia"= "gray40"
  )) +
  theme_classic() +
  theme(
    text = element_text(size = 16),
    axis.text.x = element_text(angle = 45, hjust = 1),
    legend.position = "none"
  ) +
  scale_x_discrete(expand = c(0.05, 0.05)) +  
  labs(x = "Categoría Paper", y = "I_Circ", title = "Comparación del Índice la circunferencia del cóndilo entre familias")

ggsave("boxplot_1_índicedelacircunferenciadelcondiloporfamilia.svg", plot = boxplot_familia_ICIRC, dpi = 300, device = "svg")


##--Boxplot Fig 3 maintext--####

library(ggplot2)
library(tidyr)
library(dplyr)


# Categories and order

niveles_deseados <- c(
  "Bovidae", "Cervidae", "Tragulidae", "Girafidae", "Suidae", "Camelidae", "Equidae", 
  "Rhinocerotidae", "Tapiridae", "Toxodontidae", "Interatheriidae", 
  "Hegetotheriidae", "Mesotheriidae", "Hyracoidea", "Hystricomorpha", "Miomorfa", 
  "Sciuromorpho", "Leporidae", "Vombatidae", "Diprotodontia"
)


data$Categoría_paper <- factor(data$Categoría_paper, levels = niveles_deseados)

# ----Large format pivot
data_long <- data %>%
  pivot_longer(cols = c(PM_M_D1, PM_t_D1),
               names_to = "Variable",
               values_to = "Valor")

# ----Highlighted species 
familias_rojas <- c("Toxodontidae", "Interatheriidae", "Hegetotheriidae", "Mesotheriidae")

# ----Colours plot 

data_long <- data_long %>%
  mutate(FillColor = case_when(
    Variable == "PM_M_D1" & Categoría_paper %in% familias_rojas ~ "red",
    Variable == "PM_M_D1" ~ "gray70",
    Variable == "PM_t_D1" ~ "white"
  ))

# ---Positions 


n_levels <- nlevels(data_long$Categoría_paper)
vlines <- seq(1.5, n_levels - 0.5, by = 1)

# PLOT----


boxplot_familia_comb <- ggplot(data_long, aes(x = Categoría_paper, y = Valor, fill = FillColor)) +
  # Líneas punteadas
  geom_vline(xintercept = vlines, linetype = "dashed", color = "gray60", linewidth = 0.4) +
  # Puntos primero
  geom_jitter(aes(color = FillColor),
              position = position_dodge(width = 0.7),
              size = 1.2, alpha = 0.5, show.legend = FALSE) +
  # Boxplots 
  geom_boxplot(width = 0.5, notch = FALSE,
               outlier.shape = 18, outlier.fill = "gray",
               outlier.color = "black", outlier.size = 2, alpha = 0.6,
               position = position_dodge(width = 0.8)) +
  scale_fill_identity() +
  scale_color_identity() +
  # Eje X compacto
  scale_x_discrete(expand = c(0.001, 0.001)) +
  # Eje Y más largo
  coord_cartesian(ylim = c(min(data_long$Valor)*0.95, max(data_long$Valor)*1.1)) +
  theme_classic() +
  theme(
    text = element_text(size = 16),
    axis.text.x = element_text(angle = 45, hjust = 1),
    legend.position = "none"
  ) +
  labs(x = "Categoría Paper", y = "Valor",
       title = "Comparación de PM_M_D1 (gris/rojo) y PM_t_D1 (blanco) entre familias")

# SHOW PLOT FIG.3 
boxplot_familia_comb

##--Boxplot Fig 4 maintext--####

# ----Large format pivot

data_long_inc <- data %>%
  pivot_longer(cols = c(PM_M_INC, PM_t_INC),
               names_to = "Variable",
               values_to = "Valor")

# ----Highlighted species 

familias_rojas <- c("Toxodontidae", "Interatheriidae", "Hegetotheriidae", "Mesotheriidae")

# ----Colours plot 

data_long_inc <- data_long_inc %>%
  mutate(FillColor = case_when(
    Variable == "PM_M_INC" & Categoría_paper %in% familias_rojas ~ "red",
    Variable == "PM_M_INC" ~ "gray70",
    Variable == "PM_t_INC" ~ "white"
  ))

# ---Positions 


n_levels_inc <- nlevels(data_long_inc$Categoría_paper)
vlines_inc <- seq(1.5, n_levels - 0.5, by = 1)

# PLOT----


boxplot_familia_comb_inc <- ggplot(data_long_inc, aes(x = Categoría_paper, y = Valor, fill = FillColor)) +
  # Líneas punteadas
  geom_vline(xintercept = vlines, linetype = "dashed", color = "gray60", linewidth = 0.4) +
  # Puntos primero
  geom_jitter(aes(color = FillColor),
              position = position_dodge(width = 0.7),
              size = 1.2, alpha = 0.5, show.legend = FALSE) +
  # Boxplots 
  geom_boxplot(width = 0.5, notch = FALSE,
               outlier.shape = 18, outlier.fill = "gray",
               outlier.color = "black", outlier.size = 2, alpha = 0.6,
               position = position_dodge(width = 0.8)) +
  scale_fill_identity() +
  scale_color_identity() +
  # Eje X compacto
  scale_x_discrete(expand = c(0.001, 0.001)) +
  # Eje Y más largo
  coord_cartesian(ylim = c(min(data_long_inc$Valor)*0.95, max(data_long_inc$Valor)*1.1)) +
  theme_classic() +
  theme(
    text = element_text(size = 16),
    axis.text.x = element_text(angle = 45, hjust = 1),
    legend.position = "none"
  ) +
  labs(x = "Categoría Paper", y = "Valor",
       title = "Comparación de PM_M_INC (gris/rojo) y PM_t_INC (blanco) entre familias")

# Show FIG. 4
boxplot_familia_comb_inc
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Comparison of the lateromedial and anteroposterior length index of the glenoid cavity.
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Comparison Lat-Med and Ant-Post elongation of Condyle among families
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Comparison of the Condyle Circumference Index among families
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